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S U M M A R Y
Background: Staphylococcus aureus is a major pathogen in skin and soft tissue infections. Methicillin-
resistant S. aureus (MRSA) is prevalent in most of the countries in which it is sought. MRSA is one of the
important pathogens implicated in hospital-acquired infections. The main objectives of this study were
to determine the antimicrobial susceptibility pattern of S. aureus isolates, the prevalence of MRSA, and
the nasal carriage rate in healthy hospital staff members.
Methods: A total of 118 health care workers (HCWs) were enrolled using a cross-sectional study design.
Nasal swabs were collected and cultured on mannitol salt agar (MSA). The slide coagulase test was
performed. Susceptibility testing was carried out on Mueller–Hinton agar using the modiﬁed Kirby–
Bauer disk diffusion method with 10 antibiotics.
Results: Of the 118 HCWs, 34 had S. aureus and 15 had MRSA, with overall positivity rates of 28.8% and
12.7%, respectively. None of the S. aureus isolates were sensitive to penicillin. MRSA isolates were
resistant to commonly available antibiotics. Only two (13.3%) of the nasal isolates were vancomycin-
resistant.
Conclusions: A high rate of nasal carriage and multidrug-resistant S. aureus was found in this study,
indicating the need for standard infection control to prevent transmission in our health care setting.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Staphylococcus aureus is a major pathogen in skin and soft tissue
infections. Methicillin-resistant S. aureus (MRSA) is prevalent in
most of the countries in which it is sought. MRSA is one of the
important pathogens implicated in hospital-acquired infections.1
One of the important sources of staphylococci for nosocomial
infection is nasal carriage among hospital personnel. S. aureus
permanently colonizes the anterior nares of about 20–30% of the
general population. Almost 25% of health care workers (HCWs) are
stable anterior nasal carriers of S. aureus. Hospital workers are
more likely to be colonized than persons in the general population,
presumably because of increased exposure.2
In hospitals where hygiene conditions are not provided, nasal
MRSA/methicillin-sensitiveS.aureus(MSSA)colonizationisseeninthe* Corresponding author.
E-mail address: agumas2000@gmail.com (A. Shibabaw).
http://dx.doi.org/10.1016/j.ijid.2014.03.1386
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).hospital personnel and patients. With regard to MRSA/MSSA carriers,
both the individual carriers themselves and the other people around
them are at risk, and this bacterium leads to nasal colonization and can
then propagate through contaminated hands and hospital materials.3
The progressive emergence and rapid dissemination of
antibiotic-resistant S. aureus and its association with the use
and consumption of antibiotics, constitute a major health concern
and have been considered a global crisis.4
MRSA has been a major cause of nosocomial infections since the
early 1960s. Coagulase-negative staphylococci (CoNS) are also
pathogenic when the host is compromised. CoNS are the most
common pathogens in nosocomial blood stream infections.
Methicillin-resistant CoNS (MRCoNS) have also been found
worldwide. Moreover, CoNS may transfer resistance to MRSA.5
S. aureus constitutes a major public health threat and MRSA is
currently the most commonly identiﬁed antibiotic-resistant
pathogen in many parts of the world. Concerning the African
continent, although there is still a lack of epidemiological data,
MRSA has been reported as a problem in different countries.6ciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
Table 1
Distribution of nasal staphylococci among health care workers
Microorganism Prevalence
Number of isolates %
Staphylococci 105 89.0
Staphylococcus aureus 34 28.8
MRSA 15 12.7
Coagulase-negative staphylococci 71 60.2
MRSA, methicillin-resistant Staphylococcus aureus.
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This study was carried out from November 2010 to March 2011
in Dessie Regional Health Research Laboratory. A cross-sectional
study was conducted on a total of 118 Dessie Referral Hospital
HCWs. The study participants were selected proportionally
according to the number of HCWs in the ward/department.
The study was approved by the Ethics Review Committee of the
Medical School of Addis Ababa University and all subjects provided
their oral informed consent before participating in the study.
Conﬁdentiality was preserved.
2.1. Nasal swab collection
Sterile cotton swabs were used for sample collection. The
sample was obtained by rotating the swab gently, ﬁve times, in
both nares of the study participant, so that the tip was entirely at
the level of the nasal ostium (about 2.5 cm from the edge of the
nare). Swabs were transported to the laboratory in Stuart transport
medium.
2.2. Culture and identiﬁcation
After collection of the swab, it was inoculated onto mannitol
salt agar (MSA; Oxoid, UK) within 1 h of sampling and was
incubated at 37 8C for 24–48 h. The plate was then left at room
temperature and colonies were selected for the coagulase test
using the slide method. Those colonies that were mannitol
fermenters (golden or cream coloured) and coagulase-positive
were taken to be S. aureus, while those colonies that were white
(mannitol non-fermenters) and coagulase-negative were consid-
ered to be other staphylococci.7
2.3. Antimicrobial susceptibility testing
Laboratory antimicrobial susceptibility testing was performed
by modiﬁed Kirby– Bauer disk diffusion method, which is
recommended by the Clinical and Laboratory Standards Institute
(CLSI).7 Colonies conﬁrmed to be S. aureus were suspended in
tryptone broth until matching with a standard turbidity (0.5
McFarland). The suspension was used to inoculate Mueller–Hinton
agar (MHA; Oxoid, UK). Antibiotic susceptibility testing for
penicillin G (10 U), amoxicillin (25 mg), erythromycin (15 mg),
oxacillin (1 mg), chloramphenicol (30 mg), ampicillin (10 mg),
vancomycin (30 mg), tetracycline (30 mg), co-trimoxazole
(25 mg), and gentamicin (10 mg) (Oxoid, UK) was performed by
Kirby–Bauer disk diffusion method. In this study Staphylococcus
aureus ATCC 25923 was used as control.7Table 2
Distribution of Staphylococcus aureus (CoPS) and other staphylococci (CoNS) among the
Serial number Ward/department Number of
nasal culture
1 Medical 18 
2 Surgical 20 
3 Paediatrics 14 
4 Gynaecology–Obstetrics 13 
5 Laboratory 8 
6 OPD 22 
7 Pharmacy 5 
8 X-ray 3 
9 ART clinic 12 
10 Emergency 3 
Total 118 
CoPS, coagulase-positive Staphylococcus; CNS, coagulase-negative staphylococci; OPD,2.4. Statistical analysis
The analysis of the antimicrobial sensitivity patterns of S. aureus
colonization was performed using SPSS version 16 package (SPSS
Inc., Chicago, IL, USA). The ﬁndings were analyzed statistically
using descriptive statistics, frequency and percentage.
3. Results
3.1. Socio-demographic characteristics
A total of 118 HCWs were examined for the identiﬁcation of
Staphylococcus species. Among the total HCWs, age ranged from 20
to 55 years (mean 30.4 years, standard deviation (SD)  8.8 years).
Fifty-seven (48.3%) were males and 61 (51.7%) females. The mean
number of years in service was 6.1 (SD  8.5 years).
3.2. Rate of isolation
A total of 34 S. aureus were isolated from the 118 participants,
giving an overall positivity rate of 28.8% (Table 1). Among the 57
males screened, 21 (36.8%) were positive for S. aureus and 10
(17.5%) were positive for MRSA, compared to 13 (21.3%) and ﬁve
(8.2%) of the 61 females, respectively. Thus the male to female
carriage ratios were 1.6:1 for S. aureus and 2:1 for MRSA based on
their areas of work, the highest rate of S. aureus carriers (35.7%)
were among HCWs in pediatrics (Table 2).
3.3. Sensitivity pattern of isolates
Among the 34 S. aureus isolates, 100% showed resistance to
penicillin G, followed by 91.2% to ampicillin, 88.2% to amoxicillin,
73.5% to tetracycline, 67.6% to chloramphenicol, 64.7% to
erythromycin, 58.8% to gentamicin, 52.9% to co-trimoxazole,
44.1% to oxacillin, and 29.4% to vancomycin.
The most effective antibiotic for S. aureus was found to be
vancomycin, with 70.6% efﬁcacy. Oxacillin (55.9%), gentamicin total nasal cultures of health care workers in each unit
s
Total number of
Staphylococcus isolates
Negative
culture (%)
CoPS (%) CoNS (%)
4 (22.2) 10 (55.6) 4 (22.2)
7 (35) 11 (55) 3 (15)
5 (35.7) 7 (50) 2 (14.3)
4 (30.8) 8 (61.5) 1 (7.7)
2 (25) 5 (62.5) 1 (12.5)
6 (27.3) 15 (68.2) 2 (25)
1 (20) 2 (40) 2 (40)
0 (0) 3 (100) 0 (0)
4 (33.3) 8 (66.7) 0 (0)
1 (33.3) 2 (66.7) 0 (0)
34 (28.8) 71 (60.2) 15 (12.7)
 outpatient department; ART, antiretroviral therapy.
Figure 1. Antibiotic sensitivity pattern of Staphylococcus aureus isolates.
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phenicol (23.5%), and tetracycline (20.6%) were found to be
effective antimicrobials. None of the isolates were sensitive to
penicillin. They were also intermediately sensitive to co-trimox-
azole (14.7%), chloramphenicol (8.8%), gentamicin (5.9%), tetracy-
cline (5.9%), and erythromycin (2.9%) (Figure 1).
The MRSA and MSSA isolates were multidrug-resistant
(Table 3), with 100% of MRSA and MSSA resistant to penicillin.
The MRSA isolates were resistant to penicillin G (100%), ampicillin
(86.7%), amoxicillin (80%), and tetracycline (73.3%). Only two
(13.3%) of the nasal isolates were resistant to vancomycin. Almost
73% of MRSA and MSSA were resistant to tetracycline.
4. Discussion
In the present study, nasal carriage of staphylococci varied
among the different health care personnel. The overall nasal
carriage rate of S. aureus was 28.8%. The nasal carriage rate of S.
aureus found in the present study is lower than those found in
studies conducted in Gaborone Hospital, Botswana (35.8%)8 and
Valdivia Hospital, Chile (34.9%),9 and comparable to those of
another study conducted in Chile (27.5%),10 a study in Nepal
(25%),11 and a study in Nairobi Hospital, Kenya (18.3%).12 All of the
differences between the different countries and hospitals may be
explained by microbiological methods (from sampling technique
to culture media) and local infection control standards.
Of the 34 S. aureus isolates, 15 were oxacillin/methicillin-
resistant, with a positivity rate of 44.1%. This is far higher than the
11.38% reported in HCWs in Tehran.13 This shows that the rate ofTable 3
Resistance to antibiotics among MRSA and MSSA
Antibiotics MRSA (n = 15)
No. (%)
MSSA (n = 19)
No. (%)
Penicillin G 15 (100) 19 (100)
Gentamicin 6 (40) 14 (73.7)
Erythromycin 7 (46.7) 15 (78.9)
Amoxicillin 12 (80) 18 (94.7)
Ampicillin 13 (86.7) 18 (94.7)
Co-trimoxazole 10 (66.7) 8 (42.1)
Chloramphenicol 9 (60) 14 (73.7)
Tetracycline 11(73.3) 14 (73.7)
Vancomycin 2 (13.3) 8 (42.1)
MRSA, methicillin-resistant Staphylococcus aureus; MSSA, methicillin-sensitive
Staphylococcus aureus.prevalence among different hospitals is variable and might be due
to a high rate of patient admission and the absence of an infection
control policy.
Increased resistance to penicillin G (100%), ampicillin (91.2%),
chloramphenicol (67.6%), erythromycin (64.7%), and gentamicin
(58.8%) was observed in S. aureus in this study when compared
with corresponding reports of 77%, 85%, 32%, 23%, and 32%,
respectively, found in HCWs of Asmara Hospital, while tetracycline
(73.5%) showed a lesser result when compared with 78% resistance
found in the HCWs of Asmara Hospital.1 This might be due to
continuous genetic variation (mecA) of the strains by mutation of
an existing gene, or horizontal transfer of a resistance gene from
another bacterium and alteration of PBP2A, along with over-
crowded wards, or higher exposure of staff members to patients,
and the inaccurate diagnosis and isolation of pathogens in the
laboratory, leading to the overuse or misuse and inappropriate use
of antibiotics.
A higher rate of resistance was also observed in the current
study as compared to a report on HCWs at Jimma specialized
hospital, for amoxicillin (71.4%), tetracycline (71.4%), gentamicin
and chloramphenicol (57.1% each), and co-trimoxazole (40%),
while erythromycin showed a lower result (64.7%) and vancomy-
cin showed a similar result (29.4%) when compared with 68.6% and
31.4% resistance in Jimma hospital HCWs.14 This might be due to
increased contact between the HCWs and patients and due to the
replacement of sensitive strains by more virulent or resistant
strains in hospital settings.
The MRSA isolates in this study were resistant to most
antibiotics tested. MRSA isolates were resistant to penicillin G
(100%), ampicillin (86.7%), amoxicillin (80%), tetracycline (73.3%),
co-trimoxazole (66.7%), chloramphenicol (60%), erythromycin
(46.7%), and gentamicin (40%). The higher resistance of the isolates
against these commonly used antibiotics might be due to the
mutation or gene transfer of the strain, misuse and/or overuse of
antibiotics, and a lack of standardized antimicrobial susceptibility
testing before the prescription of drugs and increasing treatment
costs. Antibiotic use provides selective pressure favouring resistant
bacterial strains. Inappropriate use increases the risk of the
selection and dissemination of antibiotic-resistant bacteria, which
are placed at competitive advantage.15
A signiﬁcantly decreased susceptibility level of vancomycin
resistance of the MRSA isolates (13.3%) was found, although
conﬁrmatory methods were not utilized. This indicates that
vancomycin could be reliably effective whenever there is an
outbreak of hospital MRSA from HCWs.
In conclusion, the present study indicates a high prevalence of
nasal carriage of S. aureus (28.8%) among HCWs. The overall
positivity rate of MRSA was 12.7%. S. aureus was highly resistant to
penicillin G (100%) and had decreased resistance to vancomycin
(29.4%). The MRSA isolates were multidrug-resistant. Only two
(13.3%) of the nasal isolates were resistant to vancomycin,
although the identiﬁcation method has limitations in determining
susceptibility to this drug. Therefore, there is a need for the
development, adoption, and enforcement of appropriate control
polices in the hospital wards/departments where there is no
existing or effective MRSA control.
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